The increasing use of Self-Compacting Concrete (SCC) in the construction industry should 9 be assured by the development of mix designs adequates to improve their fresh/hardened 10 state properties and its economy. This paper presents a methodology for the formulation of 11 SCC that achieves some of these developmental goals without reliance on extensive 12 laboratory testing and batch trials. Applications, results in fresh and hardened state, and 13 discussion of the SCC obtained are presented. The proposed method can provide lower costs 14 when compared to a currant SCC mix design method and the literature used for comparison. Over the last 25 years, self-compacting concrete (SCC) has witnessed a huge development, 30 which is due, mainly, to its intrinsic advantages (De Schutter et al, 2008) . This development 31 took place initially, in chemistry incorporated into concrete (Okamura, 1997), and later was 32 extended into the rest of its constitutive materials, using all sort of natural aggregates, mineral 33 residues or recycled aggregates ( Najim and Hall, 2010; Topcu et al, 2010; Wang Choj et al, 34 2006; Cuenca et al, 2013) fresh and hardened states, with multiple statistical treatment methodologies (Pepe et al, 2013; 42 Almeida Filho et al, 2010; Sebaibi et al, 2010). 43 44 Also recently, several methods for mix design have been proposed (Agullo et al, 1999; Su et 45 al, 2001; Saak et al, 2001; Xie et al, 2002; Su and Miao, 2003; Aguilar and Barrera, 2003; 46 Patel et al, 2004; Alyamac, 2009; Ferrara et al, 2007; Shen et al, 2009; Sebaibi et al, 2013 ) 47 without any clear unanimity about which is the most suitable, which is in part a reflex of 48 many conditionals such as different economic and social conditions in different countries, the 49 means available, environmental politics, access to different concrete components, and so on. 50
INTRODUCTION 28 29
Over the last 25 years, self-compacting concrete (SCC) has witnessed a huge development, 30 which is due, mainly, to its intrinsic advantages (De Schutter et al, 2008) . This development 31 took place initially, in chemistry incorporated into concrete (Okamura, 1997) , and later was 32 extended into the rest of its constitutive materials, using all sort of natural aggregates, mineral 33 residues or recycled aggregates ( Najim and The aim of this paper is to propose a rational procedure for SCC mix proportioning through 71 an optimization process using simple experimental techniques with locally available 72 materials, oriented to concretes with low or medium mechanical properties, which is 73 necessary in order to extend the utilization of SCC. were compared with selected data from the literature (again, data using similar materials, and 81 also dealing with similar compressive strength ranges). 82 83 84
PROPOSED METHOD 85 86

Fundaments and Phases 87 88
In order to achieve self-compactability, the method takes into consideration not only high 89 deformability and resistance to segregation, but also the packing density of the aggregates, in 90
order to obtain the minimum content of voids and a uniform concrete strength. That is, first it 91 deals with the physical part of the dosage (granular skeleton) and subsequently on the 92 chemical part (additives) 93
94
The proposed method assumes that SCC can be obtained by optimizing the composition of 95 the paste and the granular skeleton (as is common practice), each of them individually, as 96 well as by optimizing the paste content in the concrete. The model suggests that the viscosity 97 and flow resistance of the paste govern the fluidity and cohesion of the concrete, and the 98 filling capacity without blocking is ensured by the paste content in the concrete which is in 99 turn associated with the granular skeleton structure. 100
101
A schematic description of the proposed mix design is presented in Figure 1 . The Method is 102 developed in three stages. The first stage is related to the concrete optimization of phases,which involves the paste and the granular skeleton; this optimization allows adaptability ofthe method to the use of local waste and aggregates. The second stage is related to the 105 calculation of the amount of materials needed in order to produce a cubic meter of concrete. 106
The produced concrete mixes allow, on a third stage, the adjustments of parameters (paste 107 volume, air entrainment and water/powder ratio) to ensure the SCC requirements. independence of both phases; and that, on the other hand leads to that a optimum paste 118 volume associated to the aggregate skeleton should guarantee the deformability of the 119 concrete without blockage (Gomes et al. 2002; Torrales Carbonari 1996) . 120
121
The method presented is based on previous work for obtaining SCC The experimental tests are done with all the materials that will be used in the concrete, in 139
order to obtain the maximum fluidity, which improves the self-compactability and the 140 segregation resistance. To achieve this, the method is "custom made" and it guarantees the 141 To define the amount of paste, a range should be set 238 with a lower limit that will depend on the available materials and can be assumed up 239 to 34% as used by Sedran et al.(1996) and Sedran & de Larrard (1999) , and with an 240 upper limit of 42% for economic reasons. 241
OPTIMIZATION
CALCULATION OF FIRST TRIAL BATCH PROPORTIONS
Step 1 -Proportion of paste/aggregates
Step 3 -Proportion of air entrainment
Step 2 -Aggregates content
Step 4 -Water/powder ratio
Step 9 -Moisture corrections on aggregates
Step 5 -Total water amount
Step 6 -Powder amount
Step 7 -Cement and addition amount
Step 8 -Admixture amount
Step 10 -Mixing water amount optimal fine/coarse aggregate ratio (see Granular Skeleton Optimization section), the 243 fine and coarse aggregates are estimated using its specific gravity values. The aggregates used were obtained from local sources. Natural sand with a maximum 366 nominal size of 4.75mm, fineness modulus of 2.92 and specific gravity of 2.55, was used as 367 fine aggregate. Three different crushed granites were used as coarse aggregate, two red 368 gravel (named g and G) and one black crushed stone (p) with a maximum aggregate size 369 (MAS) of 12.5 mm, 19 mm and 12.5 mm, respectively and specific gravities of 2.28, 2.25 370 and 2.35. Figure 6 shows the granulometric curves of the aggregates used. percentage of superplasticizer is obtained, the optimum addition content is acquired by using 393 the mini-slump test (Kantro 1980) ; results are presented in Table 4 . Considering as a 394 selection criterion to achieve the greatest diameter (given by the T115 value), if it is taken as a 395 main requirement the filling capacity of SCC, better results will be obtained with 20% 396 replacement of cement by addition. 397 398 Table 5 with and without addition were studied to observe differences.
water was added together with the additive, according to Emborg (2000) . All concrete mixes 418 were homogeneous. After mixing, fresh concrete was evaluated and the measured results are 419 presented in Table 6 . All the mixtures were SCC, according to the requirements specified by 420 In relation to compressive strength, is noted that, in mixtures with the same aggregate 462 identified as "g" and filler, higher paste content is correlated with higher compressive 463 strengths. On the other hand, for a paste content of 42% with different coarse aggregate and 464 the same MAS ("g" and "p"), we can see that the mixture with "g" has higher compressive 465 strength values than mixing with "p", which is due to laminar shape having "p" as already 466 observed previously for "P". For different MAS ("g" and "G") mixing with "g" enables higher 467 compressive strength, which is also logical as present lower MAS. 
